The selectivity of proteinuria has been determined from the relative clearances of "'i-acid glycoprotein, albumin, transferrin and IgG in 190 children and adolescents. The precision of the determination of selectivity (C.Y. = 3%) is greater than that of the individual protein clearances determined by a double immunodiffusion method (C.Y. = 13-22%). Neither sample storage for a limited period nor concentrating the urine affects the selectivity value significantly; serial determinations in one patient for 24 h showed no diurnal variation.
The concept of selective glomerular excretion of individual plasma proteins as a useful part of the investigation of patients with proteinuria was introduced by Blainey, Brewer, Hardwicke and Soothill in 1960 . They measured clearances of up to six proteins by double immunodiffusion (Soothill, 1962) and related their findings to the different morphological types of the nephrotic syndrome. Since then numerous reports have dealt not only with the value of selectivity in predicting renal morphology and the response to corticosteroid therapy in individual patients, but also with a number of less clinical aspects. These have concerned the concept of selectivity (Joachim et al., 1964; Petrie et al., 1970) ; the significance and even the validity of the linear relationship between renal clearance and molecular weight of urinary proteins (Hardwicke, 1965; Soothill and Hendrickse, 1967; Lines, 1969) ; and the constancy of selectivity in individual patients with time (Cameron, 1966; Vere and Walduck, 1966) .
The significance of changes in selectivity can only be assessed with knowledge of the precision of this form of analysis and of the extent to which it is affected by such procedural factors as sample storage, the number of proteins studied, diurnal variations, and the need to concentrate the urine before analysis. The present report examines these factors, describes the double diffusion procedure that has been used at this hospital for the past seven years, gives new data on the precision of various aspects of the technique and discusses the value of including a large protein such as cx2-macroglobulin in selectivity determinations.
Determination of selectivity ofproteinuria
Relative protein clearances were determined by 59 the method of Joachim et al. (1964) as adapted from the double immunodiffusion technique of Soothill (1962) , but without the staining procedure introduced by Joachim et al. Monospecific antisera (Behringwerke, obtainable from Hoechst Pharmaceuticals Ltd., Hounslow, Middlesex) were used. In all the 190 children studied, four proteins, (Xl-acid glycoprotein (orosomucoid), albumin, transferrin (siderophilin) and IgG globulin were detected in the urine, whilst in 50 patients (X2-macroglobulin (cx2M) was also present. The selectivity of proteinuria was expressed as the angle (B) subtended by the regression of log protein clearance (expressed as a percentage of the transferrin clearance) on log molecular weight. The molecular weights used were: cxl-acid glycoprotein, 40 000; albumin, 67000; transferrin, 88000; IgG, 150000 and (X2-macroglobulin, 840000. When only four proteins were detected the selectivity was calculated from these and designated 04 : when (X2M was present the selectivity was calculated both from the first four (B4) , and from all five (Bs). Urine and serum were preserved with one drop of sodium azide (100 g/I) and stored at 4°C until analysed.
Preparation ofplates
Agar ( 
determined using serial double dilutions (up to I in 64) of urine (0.3--0.5 ml) and of serum (0.3---{).5 ml; up to I in 1024) in saline (154 mmol/l). The greatest dilution giving a trace reaction with Albustix is determined. If the 1/64 dilution of urine gives a 1+ or stronger reaction further dilutions are made until the Albustix reaction is negative. The next stronger and next weaker dilutions are used for the preliminary assessment of albumin. One drop of either of these solutions is placed in adjacent large wells in an agar plate, and into a third well one drop of the 1/512 dilution of serum. One drop of each of the six dilutions of albumin antiserum specified above, is added to the surrounding small wells. The plates are kept at room temperature for 18 h in the moist box, inverted to prevent condensate falling into the wells. A urine dilution that shows a 'satisfactory' reaction-that is, a precipitin line which is clearly visible and comparable with a similar line produced by the serum dilution (Fig. 2 )-is selected. Should the reactions be either too 'strong' or too 'weak' the test is repeated with a more appropriate urine dilution.
to use, a set of holes ( Fig. I) is cut using a stainless ..teel cutter as described by Soothill (1962) .
Preliminary assessment ofproteinuria
Because of the large variation in protein excretion, preliminary tests are performed to determine which urine proteins are present and the dilutions most appropriate for analysis. Urine is tested for protein content with an Albustix reagent strip (Ames Company, Division of Miles Laboratories Ltd., Stoke Poges, Slough, Bucks.), Urine giving a reaction of I + or less on the arbitrary scale supplied is tested for the presence of (Xl-acid glycoprotein, transferrin and IgG. Two drops of urine are added to each of three alternate large sample wells in the agar plate. To each set of six holes surrounding the large well is added one drop of a dilution of a specific antiserum to one of the three proteins. The dilutions used are I to 0, 2, 3, 4, 6 and 8 in saline, 154 mmol/1. Only if precipitin lines are present after 18 h incubation for all three proteins is the specimen examined further. Urine giving a 2+ or stronger Albustix reaction is assessed for (X:z-macroglobulin in the same way. The plate is examined at 18 hand 42 h and if a precipitin line is present at either of these times this protein too is examined further.
The relative clearances of the several proteins are~. Dilutions of serum twice as concentrated and twice and four times as dilute as the dilutions considered 'satisfactory', together with the 'satisfactory' urine dilution and one twice as dilute are used for the determination of albumin. It is unnecessary to repeat this for each protein, and Table I shows the dilutions found most suitable in practice for Cl:t-acid glycoprotein, transferrin, IgG and Cl:2M in terms of the dilution already established as satisfactory for albumin.
Determination of relative concentrations of protein in urine and plasma
One plate is prepared for each of the five proteins concerned (four if (X2M is not detectable). One drop Table I . Dilutions found in practice to be suitable for the four serum and two urine samples used in each selectivity determination (8 and U are the dilutions found to be satisfactory for albumin on the preliminary plate as described in the text).
Protein Serum Urine
Albumin
The number of drop. of undiluted urine added to each well. In all other case. only one drop of the sample of the concentration indicated is added to the well.
of a dilution of serum or urine is placed into each of the six large holes of a plate using the same pasteur pipette, the appropriate dilutions having first been assessed from the initial assay. Into each smaller hole, again using the same pasteur pipette, is placed one drop of the specific antiserum diluted 1 in 0, 2, 3, 4, 6 and 8 in saline. The rings of small holes are filled in an alternate clockwise and counter-clockwise sequence ( Fig. 1) as described by Joachim et al. (1964) . After incubating at room temperature for 18 h, lines of precipitation can be observed against a dark background. The ratio of urine protein concentration to that in plasma is made as described by Joachim et al., and the clearance of each protein expressed as a percentage of that of transferrin. This is plotted against molecular weight on log/log graph paper and the regression of the logarithm of the percentage clearance on the logarithm of the molecular weight calculated by the method of least squares. The selectivity is calculated as the angle 8 sub tended by this regression.
EXPERIMENTAL WORK
The effect 0/ storage 0/ specimens on selectivity Seven pairs of samples of urine and serum were kept at 4 "C, An initial determination of protein selectivity was made within five days and this was repeated after a further period at 4 "C of up to 100 days. Fresh dilutions of urine and serum were made for each separate determination, but the original preliminary assessment of proteinuria was accepted for each subsequent determination. The results are shown in Table 2 .
There is no significant difference between the two sets of results as indicated by a paired t-test (t = 0.24 p > 0.10) and the differences can be attributed to experimental error. Thus storage for this length of time does not affect the determination of selectivity. The preliminary assessment of proteinuria was performed for a single urine-plasma pair. Eight sets of serial dilutions of both urine and plasma were made, and the appropriate dilutions for each of the five proteins were each used twice to determine the urine-plasma ratio. Thus 16 determinations of the urine-plasma ratio for each protein are made. The results (Table 3) show the IgG determination to 
For all results
04% [ Por these calculations the pair whose difference was 10.8 was excluded according to the criteria of Crow, Davies and Maxfield (1960 Because all other urine to plasma protein ratios are related to that for transferrin prior to the cal-have the lowest c.y. (13 %) and the (X2M determination to have the greatest C.Y. (22 %). Transferrin was chosen originally as the relative clearance to which all others are referred for the determination of () because it could be determined with a greater precision than that of albumin (Squire, Hardwicke and Soothill, 1962) . This is not confirmed by our observations, but there is no reason to advocate changing transferrin as the reference point as it will be shown later that even substantial variation in the relative clearance of transferrin has little effect on the overall calculation of selectivity.
Precision of measuring selectivity, ()4 and ()5
The selectivity of proteinuria was determined on 20 specimens of serum and urine by the method described. Clearances of the four proteins (Xl-acid glycoprotein, albumin, transferrin and IgG were measured for all specimens, and in eight of the 20 specimens (X2-macroglobulin was also included. This allowed the calculation of 20 values for ()4 and eight for ()5. At a later date the specimens, having been stored at 4°C for between eight days and several months after the initial determinations, were reanalysed. The original assessment of proteinuria was accepted, and fresh dilutions were made identical with those used in the initial study. The equivalence of urine and serum precipitin reactions in the second determination were assessed without knowledge of the original results. These duplicate values are given in Tables 4 and 5. The precision, as indicated by the standard deviations (S.D.), may be obtained from the differences between the pairs of duplicates: S.D. = .jd 2/ (2N -1) where d is the difference between the duplicates, and N the number of pairs of duplicates. The standard deviations for ()4 and ()5 are 1.82°and 1.50°respectively giving coefficients of variation of 3.0 and 2.9 %.
Applying the F test to the two variances gives a value of 1.44 which is less than the tabulated value for F at the 10% level (F = 2.61) for 18 and seven degrees of freedom. Thus the precision of determination of ()4 is not significantly different from that of (J&. Because values of ()4 cover a wide range the coefficient of variation has been determined separately for two groups, those above and those below 60°. The C.Y. of the former is 2.75 %, and of the latter 4.04%. The maximum variation in the urine to plasma ratio due to analytical variation was taken to be four times the C.V. previously determined. The transferrin ratio determined was, therefore, lowered by 76 %, the other protein clearances readjusted to this new clearance, and 84 recalculated. The revised values 71.6°, 63.6°and 43.0°, indicate that although transferrin clearance occupies a central role in the determination of 84, at the values which are critical with regard to steroid response, the final selectivity result is surprisingly little altered by quite large errors in the transferrin clearance.
The effect of concentrating urine on the determination of selectivity ofproteinuria
The effect of concentrating the urine specimen on selectivity determination was studied in seven pairs of samples of urine and serum. Filtered urine, 50 ml, was concentrated from six to 60 times by dialysis against polyethylene glycol as described by MacLean and Robson (1966) . Selectivity determinations were made, both before and after urine concentration, Table 6 . Using a paired t-test, the change in 84 as a result of concentrating the urine is not significant (p > 0.05). 
Diurnal variation in the selectivity ofproteinuria
A 12-year-old boy with focal glomerulosclerosis was studied to assess whether there was a significant variation in selectivity over a 24 h period. Sequential 4 h urine collections were made, starting at 08.00, urine being passed after exactly 4 h until 08.00 next day. Venous blood was taken at the midpoint of each 4 h period, and serum from this used with the corresponding urine specimen for selectivity determination. The results are shown in Fig. 3 : the mean of the six determinations of 84 is 58.5°, with a maximum difference between any two results of 7.6°: both of these are within 4°of the mean value. This is within ± 3 S.D. for the determination of selectivity (S.D. = 1.82°): thus variation in selectivity with time of the day does not exceed that due to experimental error.
Choice ofproteins for the determination of selectivity ofproteinuria
Prior to 1966 the majority of selectivity determinations were based on clearance measurements of five to seven proteins, usually measured by a modification (Joachim et al., 1964) of the double diffusion method of Soothill (1962) , or by gel-filtration. In 1966, Cameron and Blandford presented data using an index of selectivity, defined as the ratio of IgG clearance to transferrin clearance. They compared this index, determined by their usual method of double diffusion as described by Soothill, with that calculated from the same determinations made by the radial immunodiffusion method of Mancini et al. (1965) . No direct correlation between these two sets of results was published but the value of each in predicting the response of patients to steroid therapy was shown to be equal. Agreement between the Soothill and Mancini methods in predicting steroid response in individual patients using 0.2 as the division between good and bad responders occurred in only 84 % of subjects. However these authors recommended the simple radial diffusion method of analysis and stated that 'the present study shows that even if Soothill's (1962) method is still used there is no advantage to the Clinician in performing clearances on more than two proteins'. This statement is unsupported since the authors merely examined the determination of selectivity index using two proteins by two methods of analysis: at no point did they compare selectivity, as measured by any parameter, using two proteins and more than two proteins. MacLean and Robson (1967) pointed out that no correlation had been made between 8, the angle derived from the clearances of five or more proteins, and this new index of selectivity. Their practice was to determine five protein clearances using cxl-acid glycoprotein, albumin, transferrin, IgG and cx2M, the latter being achieved by routinely concentrating the urine before analysis. Each clearance was then expressed as a percentage of the clearance of transferrin. The slope of the regression of log percentage transferrin clearance on log molecular weight (tan 8) they called the index of selectivity, k.
In order to comment further on the statement by Cameron and Blandford (1966) they calculated ka for transferrin and IgG, the two proteins selected by Cameron and Blandford: k2' for transferrin and cx2M; and ks, for all five proteins, in 100 cases. The correlation coefficient of k2 with ks was 0.343 and of k2' with ks was 0.961. The authors stated the transferrin-IgG index was 'unreliable' but they did not say for what purpose it was unreliable and no data was provided to support their conclusion. They went on to say that if selectivity is to be assessed from the results of clearances of only two proteins, 'only transferrin and cx2M give results of acceptable accuracy'. Cameron (1967) replied to this criticism by showing that with a plot of 8, determined from the clearance of between five and seven proteins, against the index of selectivity as he had defined it, 'a good measure of agreement is obtained. In only 16 out of 132 patients is there disagreement on the placing of patients in a "steroid responsive" or "steroid unresponsive" group'. A further contribution to this debate can be made from our own observations. In certain patients the value of 84 and 8s differs widely. In the 85 cases where a2M was present in the urine both 84 and 8s have been determined and the difference between these (84-8s) ranges from + 23.1°to -30.0 0 with a mean value of 3.0 0 and a standard deviation of 10.5 0 • This is significantly greater than the S.D. for the determination of either 84 or 8s (p < 0.(01).
In 40 of these patients two 'indices' of the Cameron and Blandford type were calculated using IgG and transferrin and a2M and transferrin. Correlation coefficients for the regression of 84 on the IgGtransferrin index (r = 0.913), 8s on this same index (r = 0.568) and 8s on the cx2M-transferrin index (r = 0.902) indicate that the IgG-transferrin index is a valid alternative to 84 and that the cx2Mtransferrin index is a valid alternative to 8s, but it is clear that these two indices cannot be interchanged.
Since both Cameron and Blandford and MacLean and Robson evaluated their observations in terms of their ability to predict steroid response in indi-vidual patients, it remains to be decided whether the accuracy of this is any greater using selectivity assessed from four or five proteins than it is from selectivity based on only two.
Data on patients with proteinuria, but in whom steroid therapy is not generally considered appropriate (Henoch-Schonlein purpura, recurrent haematuria, Alpert's syndrome, and congenital nephrotic syndrome) are excluded from the present consideration. There remain 93 children with the nephrotic syndrome in whom the response to steroids has been assessed in terms of complete abolition of proteinuria in response to an eight weeks course of prednisone, with initial dosage of 2 mg/kg/day or 60 mg/m 2/day for two to four weeks. The results (Fig. 4) show that of the 94 patients studied, 68 responded to steroids.
This data allows the value of (J4 and the selectivity index of Cameron and Blandford in predicting steroid response to be compared. The values which delimit all patients who respond to steroids are 69 0 for 84 and 0.06 for the index and those which delimit all patients who failed to respond, are 55 0 for 8, and 0.25 for the index. For (J4,47 The data can also be evaluated according to Cameron and Blandford's (1966) criteria for steroid response in children. They stated that values of less than 0.1 predicted a high chance of steroid response (78 %) and that values of greater than 0.2 predicted a high chance of lack of steroid response (89 %). Fifty-three out of 56 patients (95 %) in the former group responded; 12 out of 15 patients (80%) in the latter failed to respond. It is of interest that a prediction of almost equal accuracy can be made i the single value of 65 0 for (J4 is chosen: using this limit 58 out of 63 (92 %) responded to steroid therapy and 21 out of 31 (68 %) failed to respond to this treatment. DISCUSSION A number of reports discuss the precision with which both individual protein clearances and overall selectivity may be determined. Cameron and Blandford (1966) , using radial immunodiffusion obtained a variation of 28 % for the urine to plasma ratios of both transferrin and IgG on 51 duplicate determinations. Lines (1969) double-diffusion method found a c.y. for transferrin clearance of 15%. The values obtained from the present study are of the same order of magnitude, but we do not confirm that the transferrin clearance can be determined with greater precision than that of albumin, as stated by Squire, Hardwicke and Soothill (1962) . However, the results of simulating an error in the transferrin clearance described in the present report show that this is not a critical factor in selectivity determination. Joachim et al. (1964) assessed the precision with which overall selectivity can be determined. They found a c.y. of 4.3 % based on five duplicate determinations of selectivity by the Soothill method, using four to six protein clearances. MacLean and Robson (1967) reported a C.V. for Os of 4%, but gave no supporting data. The precision obtained in the present study (C.Y. = 3.0% for 04 and 2.9% for Os) are comparable with those previously reported. The greater precision with which selectivity can be determined compared with that for individual protein clearances probably arises from the fact that calculation of the best straight line through four or five protein clearances minimises the errors arising from individual clearance determinations. Robson (1966, 1967) used urine that had been concentrated in their determinations of selectivity, and while they stated that recovery experiments showed no detectable loss of antigenically active protein, they did not directly investigate the effect of concentrating urine on selectivity determination. Sherman and Becker (1971) used membrane ultrafiltration to concentrate urine according to protein content, but gave no account of the validity of the procedure. The values for selectivity determination before and after urine concentration in the present study suggest that this procedure produces no significant effect on selec-tivity determination. Thus the method of MacLean and Robson (1966) is satisfactory for concentrating urine where necessary and, provided that the same proteins are used for selectivity determination in concentrated and untreated urine, selectivity determinations will be comparable.
Studies of diurnal variation in the selectivity of proteinuria do not appear to have been reported. In one patient we studied over a 24 h period, it appears that if any diurnal variation exists, it is not greater than the experimental error of the method used.
The decision on how many, and which, proteins to base the determination of selectivity depends on the reason for which the selectivity is required. Used to predict the steroid response, the value of (his defined and the value of the simpler IgG/transferrin index of Cameron and Blandford is only marginally inferior. It would be of interest to discover whether ()s is any more valuable in this respect than ()4 but we are unable to comment on this as we have not routinely concentrated the urine as described by Robson (1966, 1967) . However, the presence of cx 2M in urine as voided is itself usually indicative of a structural glomerular lesion. It was possible to detect Or:2-macroglobulin in the unconcentrated urine in only 50 out of 190 children; 47 of these had structural glomerular abnormalities on renal biopsy. Routine concentration of the urine would have obscured this information.
The importance of the difference between the values of ()4 and ()s is only just beginning to emerge. Attention has been drawn to the negative value of ()4-()S in patients with focal glomerulosclerosis and Alport's syndrome White, 1973. White, Glasgow and White et ai, 1974) .
It is concluded that in these conditions IgG has an anomalously high clearance, perhaps caused by the presence of low molecular weight IgG fragments in the urine. There may be other reasons for discrepancies in selectivity depending on whether or not the Or:2M clearance is included, which have not yet emerged. What can be concluded at present is that ()4 (or an IgG-transferrin index) is sufficient information on which to predict steroid response, but that the presence of cx2M in an unconcentrated urine, and the determination of ()s, can provide valuable additional information.
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